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I. INTRODUCTION
Water quality is a growing concern among many people in the United
States today. Many agricultural practices, including fertilizer use,
have been criticized for contributing to the deterioration of the nation's
water resources. Nitrogen and phosphorus are considered to be the most
infportant factors affecting aquatic plant growth. These minerals are the
major components of agricultural fertilizers. Nutrient loss from
agricultural land through surface runoff is also of concern to the farmer.
It represents a loss of valuable nutrients to the crop and an economic
loss to him.
However, the problem of fertilizer use is complex due to a series of
conflicting interests. Concurrent with the concern for water pollution
control is a demand for increased food production.
World food needs can no longer be met without the use of chemical
fertilizers. World-wide use of nitrogen, phosphate and potash was 17.4
million metric tons in 1954, 27.2 in 1960 and 59.3 in 1969 (Nelson, 1972).
The United States Department of Agriculture estimates indicate that
increased fertilizer use in the United States has accounted for over 50%
of the increase in crop production per acre since 1940 (Christenson
al., 1964). Chemical fertilizers have become a vital part of modem
agriculture and it is unlikely that their use will decline. Water
quality and food production concerns demand a more complete understanding
of the process of nutrient loss from agricultural land and more efficient
methods to minimize these losses.
This study deals with the effects of conservation tillage systems on
nutrient loss in surface runoff. Simulated rainfall was applied to
experimental corn plots planted under six different tillage systems.
Runoff samples were collected and their nutrient content determined. The
results of this study should provide information about the quantity of
nutrients lost, the major transport mechanism for these minerals and the
effects of tillage systems on loss.
This research is one part of a larger project. Other investigators
determined soil, water and pesticide losses from the runoff plots.
II. OBJECTIVES
The main objectives of the research were:
1. To determine the losses of nitrogen and phosphorous in surface
runoff from experimental plots planted to corn.
2. To determine the major transport mechanism associated with these
nutrient losses.
3. To evaluate the effects of conservation tillage systems on
reducing nutrient loss in surface runoff.
III. LITERATURE REVIEW
There is much literature available on the subject of nutrients and
their relationship to agriculture and water quality. The following
review will include only those references which deal with nutrient loss
from agricultural land through surface runoff. The three main areas of
interest will be plant leachates, erosion and agricultural practices.
A. Plant Leachates
It has been recognized for quite some time that plants can lose
mineral elements from their leaves through the leaching action of rain
or dew. LeClerc and Breazeale (1908) leached several species of plants
under different conditions and found that plants exude mineral salts
upon their surfaces which can then be washed away by the rain. They also
concluded that the greatest loss of salts occurred after the plants were
dead. Mes (1954) in an experiment used radioactive tracers and found
that several types of plants, including corn, lost appreciable amounts
of phosphorus and other mineral elements after having been subjected to
an artificial rain. Tukey and Romberger (1959) claim that the use of
radi0i80t0i>es has clearly demonstrated that inorganic and organic
materials are leached from foliage by water, and that these losses are
influenced by leaf maturity, plant species and duration of leaching.
Tukey et al. (1958) determined nutrient losses from above ground
parts of bean, squash, tomatoes and sugar beets by leaching. They found
that losses were greatest as leaves approached senescence. Com, bean
and squash plants lost more than tomatoes or sugar beets. They
concluded that above ground parts should be considered as organs of both
uptake and loss of nutrients. The research of Morgan and Tukey (1964)
shows that organic materials in addition to the inorganic nutrients
are readily leached from plants. They leached seven different species
of plants and found 21 amino acids, 14 organic acids, five simple sugars
and other organic materials. Long et al. (1956) indicate that these
inorganic and organic materials are frequently leached from plants, and
that their loss is greatest as the leaf approaches maturity.
Heber (1967) studied freezing injuries to plant membranes. His
results show that frozen membranes can no longer function as osmometers,
and that the basic injury caused by freezing is alteration of the
permeability properties of biological membranes. He states that it has
been observed for many years that the membranes bordering the protoplasm
are no longer intact in frost killed cells. Timmons et al. (1970) claim
that this phenomena implies that nutrients would be more readily leached
from plant cells after they had been killed by frost or dehydrated by
severe water stress.
Timmons et al« (1970) found that the leachability of alfalfa and
blue grass was greatly increased by drying or freezing. They took plant
samples and either leached them immediately or dessicated them by drying
or freezing before leaching. One freezing and thawing cycle, compared
to fresh plant leachates, increased the soluble forms of inorganic
phosphorus, organic phosphorus and total nitrogen by factors of 46, 10
and 9 respectively. In terms of pounds per acre this represents an
increase from .01 to .47 for inorganic phosphorus, .01 to .11 for
organic phosphorus and .20 to 1.85 for total nitrogen. After a cycle of
drying or freezing the blue grass lost .22, .05 and .12 pounds per acre
of inorganic phosphorus, organic phosphorus and total nitrogen,
respectively, as compared to .01, .01 and .01 pounds per acre when the
plant material was freshly leached. They concluded that Kentucky blue
grass and alfalfa could contribute substantial amounts of nitrogen and
phosphorus to streams through leaching.
Smith et al. (1974) found that the quantity of soluble phosphates
was higher where crop residues or a killed cover crop remained on the
surface than when the seedbed had been prepared by conventional plowing,
disking and harrowing. They claimed that the nitrogen and phosphorus
lost in runoff was not solely from fertilizer, but was from leachates of
crop residue and from soil humus. They were not able to measure the
amounts from each source. Total nutrient loss in the water was quite
low even from the plots with a cover crop or with crop residues.
Harley et al. (1951) studied the release of nutrients from orchard
grass mulch by leaching with natural rainfall. An orchard grass
containing 2.28% nitrogen and one containing 1.09% nitrogen were used in
the study. At the end of one year the high nitrogen grass had released
34% of its initial nitrogen and 77% of its phosphorus, and the low
nitrogen grass 31% of its nitrogen and 79% of the phosphorus originally
present* They estimated that these losses amount to 5.0 to 11.0 pounds
of nitrogen and 2.6 to 2.8 pounds of phosphorus per ton of mulch during
a one year period.
B. Erosion
Barrows and Kilmer (1963) in their review of data on water erosion
losses of organic matter and plant nutrients concluded that organic
matter and fine particles of soil relatively high in plant nutrients are
more susceptible to erosion than are the larger soil particles. They
used the term enrichment ratio to describe the loss of nutrients in
eroded soil. This is the ratio of the concentration of the element in
the runoff to that in the original soil.
Massey et al. (1953) reported phosphorus enrichment ratios of 1.9
and 2.2 for Almena silt loam and Fayette silt loam, respectively.
Ratios for total nitrogen were 1.34 and 1.14 for the same soils, and
similar ratios were reported for organic matter. The data of Bedell
et al. (1946) from silt loam soils in Eastern Indiana show eroded
material having two times as much organic matter and three times as much
nitrogen as the soil from which it came. Free (1956) found
concentrations of organic matter to be 30% higher in the eroded material
than in the original Honeoye sandy loam plot soil.
Massey and Jackson (1952) collected runoff samples from four
locations in Wisconsin and analyzed the sediment fraction for available
phosphorus, ammonia and organic nitrogen. The results show that the
eroded material contained 3.4 times as much available phosphorus, 2.7
times as much total nitrogen and 2.1 times as much organic matter.
Knoblauch et al. (1942) found four times as much organic matter in the
eroded soil as in the original Collington sandy loam. Stoltenberg and
8White (1953) also reported significantly higher concentrations of plant
nutrients in eroded material as compared to the original soil.
C. Agricultural Practices
Stoltenberg and White (1953) found that erosion was a selective
process and that contour cultivation had an effect on it# Sediment in
the runoff from six watersheds under prevailing fanning practices and
six under conservation systems was analyzed for plant nutrients. The
nutrient composition of the eroded material from the prevailing
practices watersheds was considerably lower than that from the
conservation practicing ones. They attributed this to the effects of
contour cultivation on reducing the hydraulic gradient and kinetic
energy of the runoff which then caused a decrease in the amount of coarse
soil particles.
Schuman et al. (1973) measured nitrogen losses in surface runoff
from agricultural watersheds on Missouri valley loess. For the study a
contour planted com watershed and a pasture watershed were fertilized
at the rate of 168 kg/ha, and a level terraced and contour planted
watershed were fertilized at 2,5 times this rate. Water soluble
nitrogen losses were low for all watersheds. The contour planted
watershed fertilized at the rate of 168 kg/ha lost 1.8 kg/ha and the
contour planted one fertilized at 2.5 times this rate lost 3.05 kg/ha.
Ninety-two percent of the nitrogen lost from the contour planted
watersheds was in the sediment. Nitrogen losses from the terraced
watershed were one tenth that of the contour planted watersheds, although
the greatest percentage of this was in the sediment» also* The terraced
watershed, by controlling erosion, also controlled nitrogen loss.
Knoblauch et al, (1942) studied the effect of additions of organic
matter and the use of cover crops on soil and water loss. They found
that the percentage of organic matter in the eroded soil was not
significantly higher from the plots that had the additions of organic
matter or the cover crop. However, these plots reduced total soil and
water loss.
Bedell et al. (1946) found that the percent nitrogen content of the
eroded soil was affected by the kind of crop. Percent nitrogen
composition was 0,39%, 0,63% and 1,43% for corn, wheat and hay,
respectively, Mannering et al. (1966) found organic matter content to be
higher on niinimum tillage plots than on conventional plots after five
years of treatment.
Siemens and Oschwald (1974) used a rainfall simulator to study the
effects of com tillage planting treatments on nutrient loss. Runoff
samples from fall plow, disk-chisel, coulter chisel, chop chisel, disk
and chop plant were collected and analyzed for nutrient content. They
found that NO^-N and PO^-P did not vary significantly between treatments,
and that the total losses of these minerals were quite low. Total
losses of NO^-N never exceeded 1,3 pounds per acre and losses of soluble
phosphorus were never over 0,2 pound per acre. Sediment loss, total
nitrogen and total phosphorus in the sediment were significantly higher
from the fall plow treatment. They found that the differences in
sediment losses among the conservation tillage systems were not
10
significantly different; however, Che trend seemed to be related to crop
residue quantity and stability of soil surface. Because of the
increased volume of sediment from the fall-plow system, total nitrogen
and phosphorus losses were approximately three times greater than those
from the other plots. They concluded that conservation tillage
influences nutrient loss through its control on sediment removal.
Romkens et al. (1973) also used a rainfall simulator to study the
effects of five different tillage systems on nitrogen and phosphorus
losses from plots planted to corn. They found that the systems that had
lower concentrations of soluble nitrogen and phosphorus in runoff water
had more soil loss. Losses of soluble nutrients were greatest from the
coulter system followed by chisel, till, double disk and conventional.
However, the sequence for soil loss was nearly the reverse of this.
Erosion control reduced the total loss of nutrients but not the loss of
the soluble nutrients.
Smith et al. (1974) studied the losses of fertilizers and
pesticides under three different types of tillage systems from claypan
soils. The results show higher phosphorus losses where crop residues or
a killed cover crop remained on the surface. This was believed to be
caused by the leaching of the crop residues to surface runoff before
adsorption by the soil could take place.
Moe et al. (1967) determined nitrogen losses from established
fallow and sod plots by use of rainfall simulation. Two hundred Ibs/ac
of ammonium nitrate pellets were applied to all plots at the end of the
season. Twenty-four hours after fertilization, rain was applied at the
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rate of 2.5 in./hr for one hour. Twenty-four hours after this first
rainfall, two more applications were made, making a total of 5 inches
of simulated rainfall. The results show that the sod plots lost more
mineral nitrogen than the fallow ones; however, the amounts were very
low. Mineral nitrogen in the runoff never amounted to more than 15%
of the applied fertilizer, even after 5 inches of rainfall. The fallow
plots lost considerably more organic nitrogen because of the increased
amount of soil loss. Fallow plots lost 14.5 to 17.0 tons of soil,
whereas sod plots lost less than 0.2 tons per acre. Fallow plots lost
28 to 36 pounds of organic nitrogen per acre and only 6 to 16 pounds of
mineral nitrogen. They concluded that since the organic matter content
of all sediment samples was nearly uniform, nitrogen loss was highly
correlated with soil loss.
White and Williamson (1973) studied nutrient concentrations in
runoff from fertilized cultivated erosion plots and prairie in Eastern
South Dakota. PO/-P, NO„-N and NH,-N concentrations in the runoff were
4 3 4
similar from the erosion plots and the prairie. The erosion plots were
planted in oats, com and alfalfa, and the concentrations of the soluble
nutrients in the runoff were not significantly different. Total soil
loss varied between the erosion plots in the decreasing order of fallow,
corn, oats and alfalfa.
Thomas et al. (1968) determined soil, water and nutrient losses
from 18 runoff plots on Tifton loamy sand. Because insignificant
quantities of phosphorus, calcium and potassium were found in the runoff
water in the first storms, measurements were made only on the soil
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portion of the runoff. The results show that loss of nutrients was
directly related to the total amount of soil lost.
Klausner et al. (1974) studied soluble nitrogen and phosphorus
loss under high and moderate fertilization and good and poor soil
management practices. The results show that total yearly nitrogen
discharge did not exceed that delivered by the rain except when poorly
aianaged soils received heavy fall fertilization. Losses of inorganic
phosphorus exceeded that present in the rain; however, losses never
exceeded 0,49 kg/ha per year. Loss of ammonia never exceeded 1.3 kg/ha
per year. They found no association between the concentration of
nitrogen and phosphorus and the volume of surface runoff. They
concluded that soluble nitrogen and phosphorus losses were a function
of the quantity of transporting water and the time and rate of fertilizer
application. Several other studies have shown inorganic nitrogen losses
to be less than that delivered by the rain. Daniel et al. (1938) and
Taylor et al. (1971) found nitrates in runoff to be less than in
rainwater.
Sievers et al. (1970) studied the movement of agricultural
fertilizers in surface runoff from Sarpy very fine sandy loam, Mexico
silt loam and Onawa silt clay loam. Immediately after application of
200 pounds of nitrogen and 100 pounds of ^2^5 liquid form, a
sprinkling infiltrometer was used to apply five inches of rain in one
hour. The results show that most of the nitrogen from the Sarpy and
Mexico soil types was absorbed by the soil rather than being removed in
the surface runoff. Substantial amounts were reported in the nmoff from
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the Onawa soil. This was attributed to the poor surface drainage and
dense clay layer at 8 to 12 Inches below the surface which allowed little
rainfall to infiltrate. Most of the phosphorus was absorbed by all
soils and they concluded that loss of phosphorus was due entirely to
erosion. White et al. (1967) also reported relatively small amounts of
fertilizer nutrients in surface runoff. They applied granular ammonium
nitrate at the rate of 200 Ibs/ac to fallow and sod plots. One hour
after fertilization of the plots, 5 inches of rain at 2.5 in./hr was
applied. The results show that only 0.15% of the applied fertilizer
was lost from the sod plots and 2,3% from the fallow plots. They
concluded that the first few minutes of rainfall moved most of the
soluble nutrients into the soil.
Timmons et al. (1973) studied the effects of placement of broadcast
fertilizer on nitrogen and phosphorus losses in surface runoff from
fallow plots on a Barnes silt loam soil. The results show that deep
incorporation of the fertilizer by plowing down and subsequent disking
resulted in nitrogen and phosphorus losses equal to those from the
unfertilized plots. The highest nutrient losses occurred when fertilizer
was broadcast on a disked surface. Losses decreased in the order of
fertilizer broadcast on a plowed surface, fertilizer disked in and
fertilizer plowed down. Organic nitrogen concentrations were not
affected by fertilizer placement.
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IV. FIELD EXPERIMENT
A. Location
The rainfall simulation study was carried out at three different
locations in Iowa. Four basic criteria were used in selecting the sites
(Laflen et al., 1975). They were:
1. The soil was representative of a significant portion of Iowa.
2. There was a suitably sized area of uniform slope.
3. The sites had been in row crops several years.
4. There was a nearby water source.
The Western Iowa Experimental Farm, the Grlnnell College Biological
Research Preserve and a private farm near Waterloo satisfied these
criteria and were chosen as the research sites.
The Western Iowa area soil type is an Ida silt loam of moderate to
rapid permeability, with a 15% slope. The percent sand, silt, clay and
organic matter content of the soil is given in Table 1. The soil
erodability factor used in the universal soil loss equation is 0.36.
This factor was determined by Laflen et al. (1975) according to the
method outlined by Wischmeier et al. (1971).
The Grlnnell College area soil type is a moderately permeable Tama
silty clay loam with a 4% slope. Data on the composition of the soil is
given in Table 1. The soil erodability factor for use in the universal
soil loss equation is 0.39.
The soil type of the area near Waterloo is a Kenyon sandy loam of
moderate permeability with a 1% slope. Data on the composition of the
15
Table 1, Composition of soil types
Location Silt
%
Vfs
%
Silt
and vfs
%
Sand
>.10 ram
%
OM
%
Clay
%
Waterloo 26.3 6.0 32.3 52.0 3.3
16.0
Grinnell 73.4 0.7 74.1 0.9 2.3
25.0
Western Iowa 74.3 2,2 76.5
1.4 2.0 22.2
soil is given in Table 1. The soil erodability factor is 0.14.
B. Water Supply
There was a nearby water source at all three research sites. At the
Western Iowa and Grinnell sites small ponds, approximately one-half mile
from the sites, were used to supply the necessary water for the rainfall
simulation. At Waterloo a small stream was temporarily dammed to
provide a sufficient quantity of water. An irrigation pump and
irrigation pipe were used to transport the water to the research areas.
C. Tillage Methods
Preparation for the 1974 rainfall simulation study began in 1973.
In 1973 the three research areas were planted to corn, and ridged rows
were established on the plots that were to be planted by the ridge-plant
and till-plant systems in 1974. In the fall of 1973 the corn was
harvested and the stalks were chopped by use of a tractor-mounted rotary
16
chopper. No additional tillage was performed until spring.
At each location twelve 3.05 mby 10.67 m plots were laid out in a
randomized block design. There were two replications of each of the six
different tillage systems (conventional, till—plant, disk, chisel, ridge
and fluted coulter). The conventional plots were spring moldboard
plowed to a depth of 15.24 cm and doubled disked before planting. At
the Western Iowa location these plots were also harrowed. The till-plant
plots had no preplant tillage. ABuffalo till corn planter was used to
shear off the ridge, deposit the trash to each side of the ridge and
plant the corn on the bare ridge. The disk plots were double disked
and then planted with a conventional corn planter. For the chisel
system, preplant tillage consisted of chisel plowing (twisted shank on
30,54 cm centers) to a depth of 15.24 cm, followed by light disking. The
ridge plots had no preplant tillage. Corn was planted on the ridge. The
fluted coulter plots had no preplant tillage. Corn was planted on the
old row. Tillage was performed parallel to the row, and rows were up
and down the hill for all plots.
It was planned that simulated rain would be applied during cropping
period 1. This is the period extending from seedbed preparation to one
month after planting. For this reason, planting times at the three
locations were staggered. All simulation was performed 11 to 35 days
after planting. Appendix A contains planting and simulation dates for
the different locations.
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D. Chemical Application
In the spring of 1974 granular fertilizer was spread by hand over
all plots. Several passes were made over the field to reduce non-
uniformity in application. Fertilization application consisted of
168.16 kg/ha of nitrogen as urea, 67.3 kg/ha of as 0-A6-0 and 67.3
kg/ha of K^O as 0-0-61. Within two days of fertilizer application all
cultivation took place.
Pesticides were also applied by hand to all plots. Dyfonate was
applied at planting time at the rate of 1.1 kg/ha. Lasso and Bladex
were applied 48 hours before simulation at the rate of 2,2 kg/ha.
£. Residue Measurements
Prior to simulation eight areas within each plot were photographed
to measure the amount of residue coverage (Laflen et al., 1975), Each
area was 76 cm by 76 cm square with a 5.1 cm by 5.1 cm cell size
superimposed grid. Figure 1 shows the grid on a ridge plot at the
Western Iowa site. The percentage of grid intersections over crop
residue was determined for each area. The eight values were then
averaged to determine the percent residue coverage for the plot. The
percent residue coverage for all plots is presented in Appendix B.
Additional back-up measurements were made at six locations within
each plot. A0.76 mruler was placed on the plot and the length of the
residue cover under the ruler was recorded. The percent residue
coverage was determined by dividing the length of the residue by 0.76 m
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and then multiplying by 100. Tlie results of the two methods were
similar except at the highest residue coverages. The ruler method gave
consistently lower results at the high residue coverages.
Figure 1, Grid for determination of percent
residue coverage on a ridge plot at
Western Iowa.
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F. Rainfall Simulation
The rotating-boom rainfall simulator described by Swanson (1965)
was used in this experiment. The simulator was trailer mounted and
utilized 10 rotating booms to carry 30 spray nozzles. The nozzles were
positioned on a radii of 1.5, 3.0, 4.5, 6.0 and 7.5 meters with 2, 4, 6,
8 and 10 nozzles on each respective radius. Each boom was attached to
the center stem by an irrigation coupler and further supported by cables
at the mid-point and outer end. Intensities of 6.35 cm/hr or 12.70 cm/hr
were obtained by opening 15 or 30 of the globe valves attached to the
nozzles. Pressure was set manually and gages were used to continually
check the pressure in the booms. A small engine and drive train were
used to rotate the booms. Figure 2 shows the simulator in operation.
Several people have developed methods of simulating rainfall on
runoff plots. Meyer and McCune (1958) developed a simulator that had
many desirable characteristics not previously combined in one simulator,
such as near natural rainfall drop size and velocity, satisfactory
uniform plot coverage, medium and high storm intensities and
portability. Swanson (1965) claims that the rotating boom simulator
retains all of these desired characteristics while reducing the initial
expense and the overall labor requirement.
The rainfall simulation consisted of three separate storms.
Rainfall at the intensity of 6.35 cm/hr was applied for 1.4 hrs in the
afternoon. The next morning a run of 1 hr at 6.35 cm/hr was applied
followed by a run of 1/2 hr at 12.70 cm/hr as soon as the additional
20
Figure 2. The rainfall simulator in operation.
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valves could be opened• The simulated rainfall was applied to two plots
simultaneously. It took 7 to 8 days to complete testing on all plots at
a single location.
G. Sample Collection
Collecting bins* installed at the end of each plot, were used to
collect the surface runoff samples. Figures 3 and 4 illustrate how the
bins were installed. Corrugated metal borders were placed around each
plot to confine the runoff. The borders were 15.24 cm high, 7.62 cm of
which was placed below the ground surface. During the simulation there
was continual examination of the plots to check for leaks. Other runoff
was successfully kept off the plots; however, there was some leakage
from the plots around the collecting bins.
Surface runoff samples were collected from all runs of the
simulation. Eleven samples were taken from the first simulation. The
first six were taken every 5 minutes and the next five every 10 minutes.
Three samples were collected from the second simulation. The first one
was collected after 10 minutes, the second and third after 20 and 30
minutes, respectively. A sample after 10 minutes and one after an
additional 20 minutes were collected from the third simulation. The
samples were not instantaneous but rather taken over a 3-minute
interval in order to minimize short term fluctuations.
The runoff samples were centrifuged in the field to separate the
soil and water fractions, The sediment fraction was placed in a small
glass jar and the water in a one liter polyethylene bottle. Within a
22
Figure 3. Site for the installation of a collecting bin,
23
Figure 4. The collecting bin in operation.
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few hours all samples were frozen. When chemical analyses began several
weeks later, the samples were thawed and kept in a cooler at 4®C to
minimize any chemical or microbiological conversions.
25
V. LABORATORY ANALYSES
The analyses for NO^-N, PO^-P and NH^-N in the water were done by
the author. The analyses for total nitrogen and available phosphorus
in the sediment were done by the Engineering Research Institute and the
Soil Testing Laboratory at Iowa State University.
A. Nitrate
The method used for the determination of nitrate was the Cadraiujii
Reduction method described in the book. Standard Methods for the
Examination of Water and Wastewater (American Public Health Association,
1971).
The procedure involves the reduction of nitrate to nitrite by a
column of amalgamated cadmium filings. The addition of sulfanilamide
and N-(l-naphthyl)-ethylemediamine brings about the formation of a
colored azo dye.
A spectrophotometer, set at 543 nm, measured the absorbance of the
colored solution. Cells with a 1 or 4 cm path length were used,
depending on the concentration of the sample.
This method is capable of detecting NO^-N in a range of 0.3 to
0,03 mg/1. Samples with NO^-N concentrations above 0.3 mg/1 were
diluted with the appropriate amount of demineralized water to bring them
into the measureable range. The method is accurate to about + 1%,
Standard solutions were used to obtain a calibration curve. The
absorbance readings of the sample solutions were compared to standard
26
solutions to determine their concentration in ppm,
B. Phosphate
The method used for the determination of inorganic phosphorus in
water was the Ascorbic Acid method described in the book» Standard
Methods for the Examination of Water and Wastewater (American Public
Health Association, 1971).
The procedure involved the reaction of the orthophosphate in the
sample with a solution of ammonium molybdate and potassium antimonyl
tartrate to form phosphomolybdic acid. This acid was then reduced to
molybdenum blue by ascorbic acid.
The spectrophotometer, set at 700 nm, was used to measure the
absorbance of the colored solution* Cells with a 1 or 4 cm path length
were used, depending on the concentration of the sample.
Standard solutions were used to obtain a calibration curve. The
absorbance readings of the sample solutions were then compared to this
curve in order to determine their concentration in ppm.
The minimum detectable concentration was approximately 0.03 Ug/1.
The method is accurate to + 3%,
C. Ammonia
The concentration of dissolved ammonia in water was determined by
an Orion ammonia electrode, according to the procedure outlined in the
electrode instruction manual.
At the end of the electrode is a hydrophobic gas permeable membrane
27
which separates the sample solution from the internal filling solution
of the electrode. Dissolved ammonia from the sample solution diffuses
through the membrane until the partial pressure of the ammonia is the
same on both aides of the menibrane. The ammonia that has diffused
through the membrane dissolves in the internal filling solution and to
a small extent reacts with the water in the filling solution, bringing
about the formation of hydroxide ions. The following equation describes
the relationship between the ammonia, ammonium ion and hydroxide ion»
[OH']
= constant
The ammonium ion concentration can be considered fixed because of the
high concentration of ammonium chloride in the filling solution* The
potential of the electrode sensing element varies in a Nernstian manner
with the change in the hydroxide level according to the equation:
E = E^-S log [OH ]
where S Is the slope and is the Intercept.
The ammonia concentration can then be determined from calibration curves,
a specific ion meter or by the known addition method. The calibration
curve method was used for this research.
The equipment used included an Orion ammonia electrode, a digital
millivolt-pH meter, a magnetic stirrer and stirring bars.
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The general procedure used was as follows:
1. 3,8192 grams of NH^Cl was added to one liter of water to make a
standard solution of 1000 ppm.
2. A calibration curve was prepared by placing the electrode in a
series of standardizing solutions. Each ten-fold increase in
ammonia concentration gives rise to about a minus 58 millivolt
change in electrode potential. Immediately before use 1 ml of
10 M NaOH was added for each 100 ml of standard.
3. 1 ml of 10 M NaOH was added to each 100 ml of sample
Immediately before placing the electrode in the solution. The
stirring bars shoiild keep the solution in constant motion at
this time. After several minutes the reading in millivolts can
be obtained from the millivolt-pH meter,
A. The concentration of ammonia can then be determined by the
equation:
Eq-E
concentration • 10 g'
where S is the slope of the calibration curve, E^ is the
intercept and E is the reading In millivolts of the sample
solution.
5, Samples and standards should be at the same temperature.
Changes in temperature will cause the calibration curve to both
shift and change slope.
6, The electrode potential should be reproducible to + 0.5
millivolts. With a sample of 5 ppm this represents
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+0.1 ppm or + 2%.
D. Total Nitrogen
The sediment samples were digested with aulfuric acid, diluted to a
known volume and then run through Technicon Auto Analyzer, This
determined organic or Kjeldahl nitrogen and ammonia,
E. Available Phosphorus
Available phosphorus in the sediment was determined by the method
outlined by Bray and Kurtz (1945). Instead of stannous chloride
l-araino-2-naphthol-4-8ulfonic acid was used as the extracting agent.
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VI. RESULTS AND DISCUSSION
A. Water Fraction
The data obtained from the laboratory analysis of the water is
presented in Appendix C, The concentrations are given in parts per
million and are the values obtained after subtracting the concentration
of the nutrient in the original rainwater.
1. Nitrate
Total loss of NO^-N in runoff for all plots is presented in Tables
2, 3 and 4. The losses are relatively low considering the amount of
fertilizer originally applied. The highest recorded, 12.3 kg/ha, was
from a disked plot at the Waterloo location. Even this highest value
is only 6-8% of the original 168 kg/ha of nitrogen applied as fertilizer.
At the Western Iowa location loss of nitrate increased in the order
conventional < till < disk < fluted coulter < chisel < ridge. This
order, and all other subsequent ones, is based on the average of the
duplicate plots. An analysis of variance was carried out on the data
and it was found that there was no significant difference between the
plots. However, NO^-N loss was found to be correlated with percent
residue cover. An R-value of 0.50 was obtained for this relationship.
This was significant at the 10% level.
NO^-N loss in the runoff from the Waterloo plots was difficult to
evaluate due to the high and variable concentrations in the water used
for simulation. The water came from a stream that received tile drainage
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Table 2, Losses of water soluble nutrients in runoff from the
Western Iowa Experimental Farm
Tillage type Plot NO^-N PO,-P
4
No. kg/ha kg/ha kg/ha
Conventional 2 0.35 0,102 0.57
Conventional 8 0,33 0.089 0.50
Average 0.34 0.096 0.54
Till 6 0.37 0.220 2.04
Till 7 0.45 0.147 0.98
Average 0.41 0.184 1.51
Chisel 4 0.30 0.138 0.65
Chisel 9 0.93 0.273 1.36
Average 0.62 0.206 1.01
Disk 1 0.72 0.241 1.40
Disk 12 0.29 0.151 2.12
Average 0.51 0.196 1.76
Ridge 3 0.84 0.362 1.81
Ridge 11 0.64 0.345 2.60
Average 0.74 0.354 2.21
Fluted coulter 5 0.49 0.253 1.41
Fluted coulter 10 0.64 0.349 2.06
Average 0.57 0.301 1.74
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Table 3. Losses of water soluble nutrients from the Waterloo
area farm
Tillage type Plot
no.
NO^-N
kg/ha
P0,-P
4
kg/ha
NH,-N
4
kg/ha
Conventional
Conventional
Average
2
9
2.13
8.64
5.38
0.002
0.002
0.002
0.04
0.24
0.14
Till
Till
Average
5
7
8.62
10.18
9.40
0.057
0.050
0.054
2.00
1,93
1.97
Chisel
Chisel
Average
3
12
8.33
7.28
7.81
0.077
0.042
0.059
1.20
3.21
2.21
Disk
Disk
Average
4
8
12.31
9.56
10.93
0.177
0.028
0.102
2.46
2.97
2.71
Ridge
Ridge
Average
1
10
7.44
11.44
9.44
0.097
0.099
0.098
3.37
3.03
3.20
Fluted coulter
Fluted coulter
Average
6
11
4.37
6.02
5.20
0.153
n.107
0.130
1.57
5.09
3.33
33
Table 4. Losses of water soluble nutrients from the Grinnell
location
Tillage type Plot NO^-N PO,-P
4
NH^-N
no. kg/ha kg/ha kg/he
Conventional 1 2.41 0.000 0.00
Conventional 10 1.70 0,001 0.10
Average 2.05 0.001 0.50
Till 4 2.47 n.093 0.36
Till 7 1.46 0.079 0.08
Average 1.97 0.086 0.22
Chisel 6 2.59 0.067 n.20
Chisel 9 1.86 0.083 0.18
Average 2.22 0.076 0.19
Disk 2 1.08 0.063 0.07
Disk 8 1.78 0.134 0.06
Average 1.43 0.098 0.07
Ridge 3 1.66 0.102 0.17
Ridge 11 2.35 0.173 0.32
Average 2,01 0.138 0.25
Fluted coulter 5 3.05 0.229 0,34
Fluted coulter 12 1.86 0.178 0.25
Average 2.45 '^.204 0.30
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water from surrounding farmland. The concentration of the NO^-N in the
rainwater ranged from 7.4 to 17.6 ppm. In some cases more nitrate was
applied in the rain than was lost in the runoff. In these cases the
concentration in the runoff was reported as zero. The total losses in
kg/ha were higher than at either of the other two locations. Perhaps
this is due to the higher organic matter content of the soil. Appendix D
gives the organic matter content of the soils at the different locations.
An analysis of variance was carried out; it was found that there was no
significant difference among treatments. There was no correlation
between NO^-N loss and residue cover, either. This lack of correlation
between percent residue cover and nutrient loss is an exception and is
most likely attributable to high and variable nitrate concentrations in
the rainwater. At the other two locations there is a correlation between
the percent residue cover and the loss of N02~N.
At Grinnell another problem was encountered with respect to NO^-N
determination. The Grinnell samples were the last ones to be analyzed,
and it seems possible that some of the ammonia had converted to nitrate.
One month after the samples were analyzed for nitrate, the cooler mal
functioned. Some of the SAWples were rechecked after this and were found
to contain almost 2.5 times as much NO^-N. Also, the concentration of
ammonia in the samples was extremely low. It appears that the warm
temperature either brought about or accelerated the conversion of
ammonia to nitrate. It is impossible to say whether or not there was
any conversion before the cooler malfunctioned. As indicated by the
average of the duplicate plots, the loss of NO^-N increased in the order
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disk < till < ridge < conventional < chisel < fluted coulter. I.ike the
other two locations, there was no significant dlil'erence anioug
nents. The R-value for the correlation between NO^-N and residue cover
was 0.42.
The concentration of the NO^-N in the runoff usually decreased with
time. At the Grinnell and Western Iowa locations the highest
concentrations were found fairly consistently in the first two samples
of the simulation. The concentrations decreased In the remaining samples
of the first run and in the subsequent samples of the second and third
runs. Concentrations were lowest In the samples from the third run.
The Waterloo location did not display this trend, presumably because of
the erratic rainfall concentrations.
2. Phosphate
Total loss of PO^-P for all plots is presented in Tables 2, 3 and 4.
Losses are extremely low considering 67.3 kg/ha of ^2^5 applied In
the fertilizer. The highest loss recorded was from a ridge plot at the
Western Iowa location. However, this loss represented less than 2% of
the amount of phosphorus in the fertilizer.
At the Western Iowa location loss of PO.-P increased in the order
4
conventional < till < disc < chisel < fluted coulter < ridge. An analy
sis of variance showed that there was a significant difference among
treatiDents. An F-value of 4.55 was obtained, which was significant at
the 5% level. There was a strong correlation between PO^-P loss and
percent residue cover. The R-value for this relationship was 0.76,
3b
which was significant at the 1% level. The losses from Western Iowa
were considerably higher than those from the other locations. The
higher concentration of available phosphorus in the soil might account
for this• Appendix F gives the available phosphorus concentrations for
the different soils.
At the Waterloo location loss of PO^-P increased in the order
conventional < till < chisel < ridge < disk < fluted coulter. An
analysis of variance was carried out and no significant difference was
found among treatments. loss was correlated with percent
residue cover. An R-value of 0.53 was obtained for this relationship.
This was significant at the 7% level.
At the Grinnell location loss of PO^-P increased in the order
conventional < chisel < till < disk < ridge < fluted coulter. An
analysis of variance was carried out and the treatments were found to be
significantly different. An F-value of 7.94 was obtained, which was
significant at the 1% level. PO^—P loss was correlated with percent
residue cover. An R-value of 0.87 was obtained. This is significant at
the 1% level.
PO -P concentrations did not show the same decrease with time that
4
the NO^-N concentrations did. The concentration of PO^-P in the water
was usually lowest at the end of the third simulation, however, not by
much. Usually the concentration reached a peak or plateau at the 11th
or 12th sample. This was the period at the end of the first simulation
and at the beginning of the second one. However, there is no clear
trend.
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3. Ammonia
Total loss of NH^-N for all plots is presented in Tables 2, 3 and 4,
Total loss per plot is relatively low as was the case for the NO^-N and
the PO^-P. The highest loss recorded, 5.09 kg/ha, was from a fluted
coulter plot at Waterloo.
At the Western Iowa location loss of NH.-N increased in the order
4
conventional < chisel < till < disk < fluted coulter < ridge. An analysis
of variance showed no significant difference among treatments. There was
a strong correlation between NH^-N loss and percent residue cover. An
R-value of 0.63 was obtained for this relationship which was significant
at the 3% level.
NH^-N loss at Waterloo increased in the order conventional < till
chisel < disk < ridge < fluted coulter. An analysis of variance showed
no significant difference among treatments. There was a strong
correlation between NH^-N loss and percent residue cover. An R-value
of 0.84 was obtained for this relationship. This was significant at the
1% level.
NH^-N loss at Grinnell increased in the order conventional < disk <
chisel < till < ridge < fluted coulter. The loss in kg/ha is
considerably lower here than at the other two locations. This can be
explained by the fact that these samples were analyzed after the cooler
malfunctioned, and most of the NH^-N probably had converted to NO^-N.
An analysis of variance showed no significant difference between the
plots. An R-value of 0.61 was obtained for the correlation between
percent residue cover and NH^-N loss. This value was significant at the
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3% level.
NH.-N concentrations decreased with duration of rainfall as did
4
NO^-N concentrations. Again, this is a general trend, and, although
most of the samples followed this pattern, there were exceptions.
The results show that NO^-N, PO^-P and NH^-N loss is related to the
amount of residue cover on the soil surface. The higher losses from the
plots with the most residue are probably partially the result of leaching
of the residue. Also, the plots with the most residue had the least
incorporation of the broadcast fertilizer. This may have contributed
to the higher losses. Analyses of variance showed no significant
difference between the plots, except in the case of PO^-P. This is to
be expected, because the duplicate plots did not necessarily have the
same residue cover. As indicated by the residue data in Appendix B,
residue cover between two plots of the same tillage type at the same
location could vary significantly.
B. Sediment Fraction
The data obtained from the laboratory analysis of the sediment is
presented in Appendices F and G. The samples were analyzed for
available phosphorus and total nitrogen. The phosphorus concentrations
are in ppm and the nitrogen measurements are given as percent by weight
of nitrogen. Only one plot of each tillage type was analyzed per
location because there was Insufficient time and money to carry out more
analyses. The samples from the first simulation were combined and
labeled A. The samples from the second and third simulations were
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combined and labeled B. Thus, there was no information obtained on
change in concentration with time. At Waterloo and Grinnell there was
not sufficient soil from the fluted coulter plots to carry out an
analysis. Data on soil loss is presented in Appendix H.
1. Total nitrogen
Loss of total nitrogen from the plots tested in presented in Table 5.
The amount of nitrogen lost in the sediment fraction was extremely high.
The highest loss recorded, 86.24 kg/ha, was from a conventional plot at
the Western Iowa location. Losses of nitrogen in the sediment were
considerably higher than those in the water.
At the Western Iowa location loss of nitrogen in the sediment
increased in the order fluted coulter < ridge < disk < chisel < till < con
ventional. This order is almost Identical to that for soil loss. Because
duplicate treatments were not analyzed it was impossible to carry out an
analysis of variance to determine whether there was a significant
difference in percent nitrogen between the plots. There was a correlation
between percent nitrogen in the eroded soil and percent residue cover.
An R-value of 0.85 was obtained for this relationship, which was
significant at the 1% level.
Total nitrogen loss from the plots at Waterloo Increased in the
order fluted coulter < ridge < disk < chisel < till < conventional.
Although there is no data on the percent nitrogen from the fluted
coulter plot, the low soil loss indicates that it would have lost the
least nitrogen. This order is almost identical to the order for soil
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Table 5. Losses of total nitrogen and available phosphorus in the
sediment
Location
Waterloo
Grinnell
Western Iowa
Tillage type
Conventional
Till
Chisel
Disk
Ridge
Fluted coulter
Conventional
Till
Chisel
Disk
Ridge
Fluted coulter
Conventional
Till
Chisel
Disk
Ridge
Fluted coulter
Nitrogen
kg/ha
84.77
60.99
38.74
35.93
22.98
47.53
29.82
19.98
20.28
9.73
86.24
85.34
44.85
44.17
31,48
16.86
Phosphorus
kg/ha
2.05
1.57
0.75
0.77
0.59
0.94
0.42
0.26
0.27
0.12
4,28
4.82
2.31
1.84
1.26
0.72
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loss except that the positions of chisel and disk are reversed. The
average value of percent total nitrogen in the soil is somewhat higher
here than at either the Grinnell or Western Iowa locations. This
seems attributable to the fact that this soil type has a higher organic
matter content than the other two types. There was no correlation
between percent total nitrogen in the eroded soil and residue cover.
Total nitrogen loss from the plots at Grinnell increased in the
order fluted coulter < ridge < chisel < disk < till < conventional.
Although there is no data on the percent nitrogen content of the soil
from the fluted coulter plot, the low soil loss indicates that it would
have lost the least nitrogen. There was a correlation between percent
nitrogen in the soil and residue cover. An R-value of 0.93 was obtained
for this relationship. This was significant at the 1% level.
Because duplicate plot samples were not analyzed it was impossible
to determine whether there was a significant difference in total
nitrogen content between plots. At the Grinnell and Western Iowa
locations it appears that conservation tillage caused some enrichment
of eroded soil. Why this does not hold true at Waterloo is uncertain.
From inspection of the data one can see that the differences in percent
nitrogen content are small; most are expressed in terms of a fraction
of a percent. However, because all concentrations are low, these
differences can be as high as 40% to 50% for some plots. Although these
differences are important in determining nitrogen loss, it appears that
the major factor in determining the amount of nitrogen lost from a plot
is the amount of soil loss.
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2. Available phosphorus
Total loss of available phosphorus in kg/ha is presented in Table 5.
Lobs of phosphorus in the sediment was considerably higher than in the
water. The highest recorded, 4.82 kg/ha, was from a till plot at the
Western Iowa location. Appendix E contains information on the
concentration of available phosphorus in the surface soil before any
tillage took place. The data shows a great variability within the same
location. For this reason the concentrations for each plot at a
location were averaged, and the average value was used to compute
phosphorus in kg/ha. Because of this, phosphorus loss in the sediment
as calculated Is associated with soil loss.
At the Western Iowa location phosphorus loss in the sediment
increased in the order fluted coulter < ridge < disk < chisel <
conventional < till. Seventy-two ppm was the average concentration
of the phosphorus in the sediment. This was considerably higher than
the average concentration at the other two locations and Is probably
due to the fact that this soil type has a higher concentration of
available phosphorus.
At Waterloo phosphorus loss Increased in the order fluted coulter <
ridge < chisel < disk < till < conventional.
At Grlnnell phosphorus loss Increased in the order fluted coulter <
ridge < chisel < disk < till < conventional.
As was the case with the organic nitrogen, there was not
sufficient data to carry out an analysis of variance. Thus, It was
A3
impossible to determine whether there were significant differences
between plots. Like nitrogen, phosphorus loss in the sediment fraction
at a location is primarily dependent on the amount of soil lost.
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VII. SUMMARY AND CONCLUSIONS
The rainfall simulation study was conducted to evaluate the effects
of conservation tillage systems on nutrient loss in surface runoff. Six
different tillage systems were represented in duplicate at three
locations in Iowa. Runoff samples were collected and analyzed for
phosphate, nitrate, airanonia, total nitrogen and available phosphorus.
Nutrient losses in the water portion of the runoff were relatively
small considering the amount of fertilizer originally applied. At the
Western Iowa and Grinnell locations there was a significant difference
in the PO^-P losses between the plots. Why this did not occur at Waterloo
is uncertain. There was no significant difference among treatments for
losses of NO^-N and NH^-N. However, the conventional plots consistently
produced the least losses and the ridge and fluted coulter plots the
greatest. The results show that conservation tillage does not reduce
the amotint of water soluble nutrients in runoff. The higher concentra
tion of nutrients in the runoff from the conservation tillage plots can
probably be accoimted for by the leachates from plant residues and by
the fertilizer that was not incorporated into the soil.
Although the water soluble nutrient losses are relatively
insignificant to the farmer, they are important in terms of water
quality. Phosphate, nitrate and ammonia are nutrient forms readily
available for aquatic plant growth. Nitrogen and phosphorus
concentrations of ICQ ppb and 10 ppb, respectively, can support
undesirable levels of aquatic organism growths (Holt et al. 1973).
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The sediment fraction was found to be the major transport mechanism
for plant nutrients. At two of the three locations increased residue
cover brought about a nitrogen enrichment of the eroded soil. This
enrichment was slight, however, and the decreased soil loss from these
plots more than compensated for the somewhat higher concentration of the
nutrient in the soil. Conservation tillage was effective in reducing
total plant nutrient losses by controlling erosion.
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VIII. SUGGESTIONS FOR FUTURE RESEARCH
Further Investigation is needed in order to determine whether the
higher concentration of water soluble nutrients from the plots with the
greater residue coverages is due to leaching of the residue or lack of
incorporation of the broadcast fertilizer. If it can be determined that
the fertilizer is responsible for the higher concentrations, then research
is needed to develop a means of applying the fertilizer under the soil
surface without plowing under the plant residue.
Further investigation is needed to determine the effect that
conservation tillage has on enrichment of eroded soil particles.
Because the sediment has been found to play such a significant role in
nutrient loss, continued research is needed to supply practical and
effective means of erosion control to the farmer.
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XI. APPENDIX A. PLANTINH AND SIMULATION DATES
Location Planting Dates Simulation Dates
Western Iowa April 22, 23 May 9 thru 16
Grlnnell May 2. 3 May 31 thru June 5
Waterloo June 1. 2 June 12 thru 18
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XII. APPENDIX B. PERCENT RESIDUE COVERAGE
Location
Waterloo
Waterloo
Waterloo
Waterloo
Waterloo
Waterloo
Waterloo
Waterloo
Waterloo
Waterloo
Waterloo
Waterloo
Western
Western
Western
Western
Western
Western
Western
Western
Western
Western
Western
Western
Iowa
Iowa
Iowa
Iowa
Iowa
Iowa
Iowa
Iowa
Iowa
Iowa
Iowa
Iowa
Grinnell
Grlnnell
Grinnell
Grinnell
Grinnell
Grinnell
Grinnell
Grinnell
Grinnell
Grinnell
Grinnell
Grinnell
Plot No,
2
9
5
7
3
12
4
8
1
10
6
11
2
8
6
7
4
9
1
12
3
11
5
10
1
10
4
7
6
9
2
8
3
11
5
12
Tillage Type
Conventional
Conventional
Till
Till
Chisel
Chisel
Disk
Disk
Ridge
Ridge
Fluted Coulter
Fluted Coulter
Conventional
Conventional
Till
Till
Chisel
Chisel
Disk
Disk
Ridge
Ridge
Fluted Coulter
Fluted Coulter
Conventional
Conventional
Till
Till
Chisel
Chisel
Disk
Disk
Ridge
Ridge
Fluted Coulter
Fluted Coulter
% Cover
2,3
1.6
9.8
11.0
10.8
13.9
23.5
24.2
19.6
34.9
25.5
65.6
10.5
7.6
18.2
16.6
20.0
25.4
41.0
48.5
40.2
52.3
60.1
55.9
4.3
4.2
18.3
22.1
26.4
14.5
21.0
20.3
33.5
28.8
74.7
50.3
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XIII. APPENDIX C. CENTIftETERS OF SURFACE RUNOFF
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XIV. APPENDIX D. WATER SOLUBLE NUTRIENT CONCENTRATIONS IN PPM
A. Western Iowa Experimental Farm
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C. Waterloo Area Farm
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XV. APPENDIX E. ORGANIC MATTER AND AVAILABLE PHOSPHORUS LEVELS
IN SURFACE SOIL BEFORE TILLAGE
Location
Waterloo East
Waterloo East*
Waterloo
Grinnell East
Grinnell Middle
Grinnell West
Western Iowa South
Western Iowa North
Western Iowa North*
Organic Matter
%
3.0
3.2
3.4
2.3
1,9
2.2
2.0
2.0
2.1
Phosphorus
PPm
17
13
23
13
11
18
38
31
52
67
XVI. APPENDIX F. TOTAL NITROGEN CONCENTRATIONS IN THE SEDIMENT
Location
Waterloo
Grlnnell
Western Iowa
Tillage Type Sample % N
Conventional A^ 0.216
Till A
0.205
Chisel A
0.250
Disk A
0,212
Ridge A 0.153
Conventional 0.190
Till B
0.174
Chisel B
0.249
Disk B
0.226
Ridge B 0.214
Conventional A 0.108
Till A
0.181
Chisel A
0.166
Disk A
0.155
Ridge A 0.187
Conventional B 0.106
Till B
0.159
Chisel B
0.162
Disk B
0.153
Ridge B 0.161
Conventional A 0.149
Till A 0.119
Chisel A 0.159
Disk A
0.177
Ridge A 0.181
Fluted Coulter A 0.198
Conventional B 0.142
Till B 0.131
Chisel B 0.134
Disk B
0.152
Ridge B 0.179
Fluted Coulter B 0.162
"• Composite of the samples from the first simulation.
- Cotiq>oslte of the samples from the second and third
simulations.
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XVII. APPENDIX G. AVAILABLE PHOSPHORUS CONCENTRATIONS
IN THE SEDIMENT
Location
Waterloo
Grinnell
Western Iowa
Tillage Type Sample ppm P
Ridge A^ 60
Conventional A 18
Chisel A 41
Disk A 60
Till 47
Ridge B 50
Conventional B 18
Chisel B 40
Disk B 66
Till B 38
/ »
Average
44
Conventional A 10
Disk A 22
Bldge A 28
Till A 32
Chisel A 17
Conventional B 10
Disk B 20
Ridge B 30
Till B 30
Chisel B 17
Average 22
Disk A 67
Conventional A 36
Ridge A 90
Chisel A 63
Fluted Coulter A 76
Till A 65
Disk B 68
Conventional 6 34
Ridge B 82
Chisel B 63
Fluted Coulter B 84
Till B 64
Average 66
- Composite of the samples from the first simulation.
'b - Composite of samples from second and third simulations
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XVIII. APPENDIX H. SOIL LOSS MEASUREMENTS
Location Tillage Type Plot No. Sediment Loss
(tonnes/ha)
Waterloo Conventional 2 41.76
Waterloo Conventional 9 51.37
Waterloo Till 5 31.94
Waterloo Till 7 23.25
Waterloo Chisel 3 15.43
Waterloo Chisel 12 26.69
Waterloo Disk 4 15.93
Waterloo Disk 8 12.78
Waterloo Ridge 1 12.08
Waterloo Ridge 10 11.13
Waterloo Fluted Coulter 6 7,55
Waterloo Fluted Coulter 11 3.26
Western Iowa Conventional 2 58.48
Western Iowa Conventional 8 49.52
Western Iowa Till 6 66.07
Western Iowa Till 7 50.01
Western Iowa Chisel A 31.50
Western Iowa Chisel 9 52.23
Western Iowa Disk 1 25.17
Western Iowa Disk 12 23.78
Western Iowa Ridge 3 17.20
Western Iowa Ridge 11 15.31
Western Iowa Fluted Coulter 5 9.75
Western Iowa Fluted Coulter 10 6.45
Grlnnell Conventional 1 43.65
Grinnell Conventional 10 38.79
Grinnell Till 4 17.47
Grinnell Till 7 13.57
Grinnell Chisel 6 12.03
Grinnell Chisel 9 29.22
Grinnell Disk 2 12.91
Grinnell Disk 8 10.63
Grinnell Ridge 3 5.63
Grinnell Ridge 11 5.06
Grinnell Fluted Coulter 5 2.57
Grinnell Fluted Coulter 12 2.13
Total sediment loss for all simulations.
